Abstract The Chile 1960 and Sumatra-Andaman Islands 2004 earthquakes are among the three greatest events that have occurred since the instrumental recording of seismic waves. The two events have similarities in hypocentral depth and focal mechanism but are very different when considering the extension of the fault plane. The recent event has close to 50% greater length than the Chile event, and although the moment magnitude of the Chile event is 0.2 to 0.5 points greater, the magnitude determination of the Sumatra-Andaman depends on the frequency range considered in the calculations (free oscillations with periods Ͼ 1000 sec or seismic waves, with periods of 300-500 sec). For the Chile event only the seismic moment for periods of T Ͻ 1000 sec is presently available, although the estimate of seismic moment at larger periods is crucial for a comparison of the two events. Our study makes a direct comparison of the free oscillation amplitudes of the two events by analyzing the records of the Grotta Gigante long-base tiltmeters, which have been recording tilt continuously since 1960. The particular mountings and physical dimension of the instruments make them particularly apt to record the torsional free oscillation waves, scarcely observed by standard long-period seismographs and not directly observable by the gravity meters. We determine the singlet frequencies for some of the lower spheroidal and torsional modes and a broad spectrum of multiplet frequencies for the higher modes. After correcting for the decay of the modes, we determine the amplitude ratios of the activated modes for the two events. The amplitude ratios vary between 1.5 and 3. Our results can be used directly for determining the ratios of the seismic moments of the two events over the frequency range 0.3-3 mHz, the only necessary correction being that of the site dependence of the free mode amplitudes.
Introduction
The Chile 1960 and Sumatra-Andaman Islands 2004 earthquakes are among the three greatest events that have occurred since the time of seismologic recording history. They both ruptured a subducting plate with a low-angle thrust mechanism and had a hypocenter located in the upper 40 km of the earth. The Chile earthquake allowed the first observation of the free oscillation modes with long-period tiltmeters (Buchheim and Smith, 1961; Bolt and Marussi, 1962; Bozzi Zadro and Marussi, 1967; Bolt and Currie, 1975) and strainmeters (Alsop et al., 1961; Benioff et al., 1961) . The event was preceded by foreshocks rupturing on the fault and possibly precursory ultralow-frequency (5-to 10-min period) emission of seismic waves (Kanamori and Cipar, 1974; Lund, 1983) . Postseismic deformation has continued to be observed in the form of vertical movement of the coast and differential horizontal crustal movement, which has continued over a time interval of more than 35 years (Hu et al., 2004) . The Chile event has been determined to have a moment magnitude of M w 9.5 (Kanamori, 1977) , based on observations in the period range of 300 sec of the mainshock. The seismic moment of the main event has been determined to be 2.7 ‫ן‬ 10 23 N m (Kanamori and Cipar, 1974 ) and rises to 6 ‫ן‬ 10 23 N m when including the lowfrequency precursor. A similar value of 5.5 ‫ן‬ 10 23 N m was obtained in a reevaluation by Cifuentes and Silver (1989) , considering the total effect of an event divided into three subevents, for a duration of 1500 sec. The three events included a foreshock, beginning 1150 sec before the mainshock with moment 1.9 ‫ן‬ 10 23 N m; the mainshock, with a moment of 3.2 ‫ן‬ 10 23 N m; and an event 350 sec later, with moment of 0.4 ‫ן‬ 10 23 N m. The uncertainty on the moment estimated is 50% (Cifuentes and Silver, 1989) . The moment estimate by Cifuentes and Silver (1989) is made on vertical-component long-period seismograms using the frequency interval 1-5 mHz. The numerical modeling of the dislocation of the fault based on the presumably coseismic deformation obtains a smaller seismic moment (M 0 9.4 ‫ן‬ 10 22 N m), indicating that the seismic moment from seismic waves may be overestimated (Barrientos and Ward, 1990) . Due to the lack of a sufficient number of long-period recordings at the time of the event, the seismic moment had not been determined for lower frequencies. The Sumatra-Andaman Islands event of 2004 showed that the correct estimate of the moment magnitude requires taking the long-period seismic waves into account (periods Ͼ 500 sec). In fact, the moment magnitude determined by modeling the spectral amplitudes of the free oscillation modes by a point source (Stein and Okal, 2005 ) returned a value of M w 9.3, considerably greater than the value (M w 9.0) obtained for the point source with equal focal mechanism that fits the seismologic records with periods of 300-500 sec . Lay et al. (2005) showed that for an assumption of uniform faulting geometry, the strength of the seismic-wave excitation for periods greater than 500 sec was enhanced by a factor 1.5 to 2.5 compared with that at 300 sec, according to the fault model used. The modeling showed further that the earthquake size is underestimated when the estimate of seismic moment is made at periods too short to fully present the earthquake process.
The underestimation of seismic moment at short periods (Ͻ500 sec) is related to the rupture mechanism of the fault and to the physical mechanism governing it. If this is a general fact, then it should also hold for the Chile event, implying that the moment magnitude could be even greater than M w 9.5, as this value was obtained from considering seismic waves at 300-sec period.
Our study allows a direct comparison of the free-mode amplitudes of the two events. We analyze the records of one identical instrument that has remained in place since the 1960 Chile earthquake. In the 1960s and 1970s the records of the long-base tiltmeters of Grotta Gigante (Trieste Karst, Italy) had been the object of several studies on the free oscillations and contributed to the first observations to prove the existence of the theoretically predicted free modes (Bolt and Marussi, 1962; Bozzi Zadro and Marussi, 1967) . We have digitized the original recordings and fulfilled the spectral analysis applying modern criteria and making it parallel to the analysis of the digital recording of the Sumatra-Andaman event. We identify the free-mode frequencies starting from a theoretical Earth model and determine the free-mode amplitudes. We normalize the amplitudes of several normal modes and overtones in order to allow for the different onset times of the records with respect to the origin time of the events, taking the Q-values into account. At last we determine the amplitude ratios of the two events in the frequency interval of the free modes, which will allow the inversion of the ratios of the seismic moments. Our work offers a direct link between the Chile and Sumatra-Andaman events and allows investigation as to whether the problems encountered in the estimate of seismic moment by seismic waves with periods less than 500 sec for the Sumatra-Andaman event of 2004 apply also to the Chile event.
Fault Properties of the Chile 1960 and SumatraAndaman Islands 2004 Earthquakes
The Chile earthquake sequence of 1960 ruptured close to 1000 km of the southernmost section of the Nazca plate, which is being subducted beneath the South American plate along the Peru-Chile trench at a rate between 66 and 84 mm/ yr to the east, the exact value depending on the work of different authors (Cifuentes, 1989; De Mets et al., 1994; Angermann et al., 1999) . The mainshock consisted of two events, which occurred on 22 May 1960 at 19:10.40 GMT (latitude 38.06Њ S, longitude 72.19Њ W) and 19:11:14 GMT (38.17Њ S, 72.57Њ W), had a moment magnitude of M w 9.5 (Kanamori, 1977) , and ruptured southward to the intersection of the Chile Ridge with the Peru-Chile trench (Cifuentes, 1989) . The rupture length, estimated from the distribution of aftershocks during the first month, is 920 ‫ע‬ 100 km. According to Cifuentes (1989) , the depths of the aftershocks are poorly determined, the depths for one foreshock and two aftershocks being 22 km. Talley and Cloud (1962) estimated the depth extent of aftershocks to be from the surface to a depth of 60 km. The width is not well constrained and has been estimated to be 140-190 km. The main event was preceded by a foreshock sequence that began 33 hr before the mainshock, starting with a strong event of moment 2 ‫ן‬ 10 21 N m (M w 8.1). Barrientos and Ward (1990) developed an inversion model to infer the coseismic fault-slip distribution from surface deformation data. In their spatially variable fault-slip model, the slip varies from 0 to 40 m. If the slip was allowed to be uniform along a rectangular fault 850 km long, 130 km wide, and dipping 20Њ, they obtain an average slip of 17 m. The seismic moment of 9.4 ‫ן‬ 10 22 N m (k ‫ס‬ l ‫ס‬ 5 ‫ן‬ 10 10 Pa), which they obtain from modeling the presumably coseismic slip, is less than one fifth the total seismic moment of the 1960 sequence estimated by Kanamori and Cipar (1974) and Cifuentes and Silver (1989) .
The Sumatra-Andaman earthquake of 26 December 2004 ruptured the boundary between the Indo-Australian plate and the southeastern portion of the Eurasian plate, which is segmented into the Burma and Sunda subplates. The Indo-Australian plate subducts the Eurasian plate along the Andaman trench with an oblique motion, with a convergence rate of about 14 mm/yr . The mainshock rupture began at 3.3Њ N, 96.0Њ E, at a depth of about 30 km, at 00:58:53 GMT. The Harvard centroid moment tensor (CMT) solution indicates predominantly thrust faulting on a shallowly (8Њ) dipping plane with a strike of 329Њ. The rake (110Њ) indicates a slip direction about 20Њ closer to the trench-normal direction than to the interplate convergence direction . The extent of the fault plane estimated from the aftershock distribution is of 1300-km length, with 240-km width in the southern portion of the thrust, extending to a depth of about 45 km (northwestern Sumatra). In the northern portion, the plane is 160 to 170 km wide, extending to a depth of 30 km . The Harvard CMT solution of the mainshock, based on record-ings of 300-to 500-sec-period surface waves, has a seismic moment M 0 ‫ס‬ 4.0 ‫ן‬ 10 22 N m and a moment magnitude M w 9.0. The estimate of the moment magnitude of the Chile earthquake was made from measurements at comparable periods of the surface waves (300 sec) (Kanamori, 1977; Kanamori and Cipar, 1974) and is thus directly comparable to this value. Extending the analysis of the 2004 event to longer periods has shown that the seismic moment is underestimated when considering periods limited to 500 sec. By considering the gravest free oscillation modes with T Ͼ 1000 sec, it resulted that the amplitudes of the spheroidal free oscillations were a factor 1.25 to 2.6 larger than those predicted by the Harvard CMT source (Stein and Okal, 2005) . In order to explain the observed amplitudes, the same authors estimate the earthquake magnitude to be M w 9.3, assuming a shallow-dipping (8Њ) thrust fault, with the same mechanism as the CMT solution and a point-source model. The finite-source models obtained on long-period seismograms in the period range 100 to 3000 sec and regional and teleseismic surface waves in the period range 50 to 500 sec produced a total seismic moment of 6.5 ‫ן‬ 10 22 N m, which is one and a half the seismic moment predicted by the CMT moment estimate at 300 sec. The finite-fault models explain the long-period free-mode amplitudes within 10%.
The Data Series of the Chile 1960 and Sumatra 2004 Earthquakes
The Grotta Gigante (Giant Cave) situated in the Trieste Karst (latitude 45.7083Њ N, longitude 13.7633Њ E) bears the Guinness Award for the greatest cave in the world; it has an ellipsoidal shape of 130-m length, 65-m width, and 107-m height. In 1959 Antonio Marussi had the idea to use the height of the cave to build a couple of long-base tiltmeters of the horizontal pendulum type with Zöllner suspension (Marussi, 1959) . The mechanical parts of the first instruments were overhauled and the present instrumentation was installed in 1966. The horizontal pendulums consist of a subhorizontal pendulum arm suspended by an upper wire fixed at the vault of the cave and a lower wire fixed to the ground of the cave. The distance between upper and lower mountings is 95 m. The total weight of the pendulum (including wires) is 18.7 kg, the horizontal beam has a length of 1.4 m, and the period of oscillation of the pendulum in the horizontal plane is presently kept at 6 min (Marussi, 1959; Braitenberg, 1999; Braitenberg and Zadro, 1999; Zadro and Braitenberg, 1999) . A horizontal shift of the upper relative to the lower mounting of the pendulum (shear), a tilt of the cave, or the inclination of the vertical are recorded as a rotation of the beam in the horizontal plane about the rotation axis, which lies on the line connecting the upper and lower mounting points of the pendulum. The static amplification factor for tilt is about 24,000. The original recording system was optical on photographic paper, with an amplification of 0.9 msec/mm. This system is very reliable and has been recording without greater problems since the time of the installation. The pendulums have been overhauled in 1982-1983 and in 1997, and some parts as the polyethylene tubes protecting the wires have been exchanged. Recently, in December 2003, a new digital acquisition system was installed . The advantages given by the digital acquisition system are the automatic readout and a drastically increased time and signal resolution, wherefore the instruments acquire the characteristics of a very broadband tiltmeter. The recordings are continuously available with hourly sampling since 1966, the older data having been manually digitized from photographic recording. The digital acquisition system has a sampling rate of 109,660 data points/hr. The pendulum masses have been exchanged since the Chile recording, but the former instrumental response function is well documented (e.g. Marussi, 1959; Bolt and Marussi, 1962 ) so as to allow the direct comparison of the amplitudes of both earthquakes. For the Chile earthquake the original photographic recording was digitized with a sampling of 30 sec using enlargements of the original recordings. The digitized record starts 4-5 hr (east-west, 304 min; north-south, 229 min) after the origin time of the event, as the first hours were hardly readable in the photographic records. The Sumatra-Andaman event was resampled at a sampling interval of 15 sec in order to reduce the total amount of data. The original data series were detrended by least-squares adjustment of a cubic function and four oscillations, with the frequencies of the principal tidal waves (M2, S2, O1, K1). For illustration purposes the data were bandpass filtered with cutoff periods of 3 min and 3 hr (cosine-taper frequency filter). The filtered data series of the Sumatra-Andaman is shown in Figure 1 for a length of 24 hr; the record of the Chile event is shown in Figure 2 for a length of 48 hr. The spectral analysis is made on the detrended, nonfiltered data. The epicentral distances between the Trieste station and the two events are 114Њ and 82Њ for the Chile and Sumatra events, respectively. The azimuths of the Trieste station with respect to the local meridian passing through the epicenter of the events are 50Њ (east from north) and 44Њ (west from north) for the Chile and Sumatra events, respectively. Taking into account that the time series of the Chile event starts 4-5 hr after the origin time of the event, comparison of the two graphs shows that the amplitude of the Chile earthquake is significantly higher than that of the Sumatra event.
Spectral Analysis Method
The method we have applied to find the free oscillations that were excited by the Sumatra-Andaman and Chile earthquakes was chosen with the requirement of being a simple and easily reproducible method. The possible problems are contamination of data series by noise, reduction of spectral leaking by neighboring frequencies, and the exponential decay of the modes. We therefore rely on the calculation of the Fourier spectrum of the windowed data series. For the data series of N equidistant samples (sampling interval dt), K spectra were calculated for different lengths of data series, the time intervals ranging from the maximum window size of T max ‫ס‬ (N ‫מ‬ 1)dt, decreasing to T K ‫ס‬ (N ‫מ‬ 1)dt ‫מ‬ (K ‫מ‬ 1)dt k , dt k a time interval suitably chosen. The K spectra thus have different resolved frequencies f nK ‫ס‬ (n ‫מ‬ 1)/T K , with n ‫ס‬ 1,2, . . . ,(N ‫מ‬ Kdt k /dt)/2. The different K spectra are merged into a single composite spectrum. The advantage of this procedure with respect to a single spectrum is that the presence of spectral peaks that possibly fall between two resolved frequencies of the single spectrum are retrieved unambiguously. We apply a cosine-taper window function, which is flat for one-third length of the data series, and defined by
with M ‫ס‬ N/3. The choice of the width M of the tapering window was made on the basis of test runs on synthetic data series mimicking the recorded signal. The cosine-taper windows were tested for different widths (M) of the taper function. The necessity of reducing leaking from the sidelobes requires M ‫ס‬ N/2 or M ‫ס‬ N/3, the higher value of M implying a loss in spectral resolution. We found that the value of M ‫ס‬ N/3 gave satisfactory results in the synthetic cases. The results are not significantly altered by the choice of M ‫ס‬ N/2 or M ‫ס‬ N/3. The application of the window function reduces the spectral amplitudes, for which reason we normalize the window function by the sum of the window weights. We illustrate the method on a test series: the synthetic data series consists of four damped oscillations (18,000 data points with 15-sec sampling) with amplitudes (A i ) and periods (T i ) with i ‫ס‬ 1,4. The amplitudes and periods are A 1 ‫ס‬ 5.0, T 1 ‫ס‬ 232 min; A 2 ‫ס‬ 4.5, T 2 ‫ס‬ 228 min; A 3 ‫ס‬ 3.0, T 3 ‫ס‬ 219 min; and A 4 ‫ס‬ 1.5, T 4 ‫ס‬ 202 min with different phases. The curves are affected by Gaussian noise, with root mean square (rms) amplitude equal to 1. The decay of the amplitude of the oscillations is exponential, with a reduction of the amplitudes to 4% of the initial value over the entire time interval. The length of the data series is 18,000 samples with 15-sec sampling interval. The data series is graphed in the upper part of Figure 3 . The spectral amplitudes are given in the lower part of Figure 3 , where the different curves represent the standard Fourier spectrum with a tapered window (M ‫ס‬ N/3) (segmented line), and the composite spectrum with two types of taperings (M ‫ס‬ N/3, continuous line, and M ‫ס‬ N/2, broken line). It can be seen that the spectral amplitudes are better resolved with the composite spectrum, particularly at lower frequencies, whereas the choice of the M ‫ס‬ N/3 window allows a better determination of the amplitudes. The standard Fourier spectrum would result in a frequency shift of the identified spectral values, whereas the composite spectrum gives the correct value. The resolved spectral amplitudes are lower than the amplitude values of the synthetic oscillations due to the damping.
Spectral Analysis Results
The spectral analysis of the recordings of the two events has been carried out using identical record lengths and procedures. The combined spectra are calculated considering three spectral windows limited by the frequency intervals 0.2-1.4 mHz, 1.2-2.4 mHz, 2.3-3.2 mHz, respectively. For each spectral window, the analysis is made on 2L ‫ם‬ 1 data series of N ‫ס‬ 17740 ‫ע‬ K i samples, with i ‫ס‬ ‫מ‬L, . . . ,0, . . . ,L and K i ‫ס‬ dK ‫ן‬ i. Regarding the Sumatra-Andaman event, for the lowest spectral windows the value of dK is 8, 4, and 4, with a maximum value K L of 254, 50, and 12 for the three spectral windows with increasing middle frequency, respectively. For the Chile event, which has the double sampling interval, the previous K i values have been divided by two. The complete spectra are graphed in Figure  4 , and the presence of the spectral peaks indicating the activation of an entire spectrum of free oscillation is evident. The spectral amplitudes of the Sumatra-Andaman event are generally smaller compared to the Chile earthquake and distributed over a broader range of frequencies (0.5-3 mHz). The spectral amplitudes of the Chile event are concentrated on the interval between 1 and 2 mHz.
We proceed with the analysis of the spectrum by searching for spectral peaks coinciding with the singlet mode frequencies predicted by Dahlen and Sailor (1979) using the Earth model 1066A for a rotating and elliptical Earth. For frequencies greater then 0.7 mHz, we adopt the multiplet frequency corrected for ellipticity, as the singlets cannot be resolved. For frequencies greater than 2 mHz the frequencies were furnished by Walter Zürn, Schildach Observatory (personal comm, 2005) and refer to the Earth model 1066A. The list of identified modes is reported in Table 1 , where the frequencies of the spectral peaks observed in each of the north-south and east-west components and for both events are given (columns 2, 3, 4, 5, of Table 1 ). We also give the average frequency (column 6) of all observed frequencies belonging to one multiplet and the percentual root mean square (rms) deviation (column 7), as well as the percentual rms deviation (column 9) of the observed frequencies from the theoretical multiplet frequency (column 8). The last column gives the number of observations used for calculating the averages. We find that generally the rms deviation is smaller among the observed frequencies with respect to the theoretical model frequency, implying that the model frequency could be improved for some of the modes. For the lower-degree modes, the table row with the name of the mode gives the frequencies for azimuthal order number m ‫ס‬ 0; the next lines give the resolved frequencies for m ϶ 0. Only those order numbers are included in the table for which at least one observation was generated; the others are omitted. Where available, the identified singlets have been reported; for the higher modes only the frequency of the multiplet is given, as the spectral vicinity of the singlets does not allow their resolution. (See Data Source section.)
The mode of lowest degree we observe is 0 S 2 in the spectrum of the Chile earthquake, although some doubts are present because the amplitude is low compared to the noise level and because the influence of seiches in the Trieste gulf, with close to 1-hr period, cannot be excluded. The higher modes, starting from 0 T 2 , are mostly observed on both spectra, with different activation of the singlets. The data series differ in the onset of the interval after the origin time of the event. This is because the recordings of the Chile event are only available starting some hours after the origin time (eastwest, 304 min; north-south, 229 min), whereas the records of the Sumatra-Andaman event have a complete record of the event. In order to limit the disturbing effect of the highamplitude earthquake trace, the first 46 min have been discarded in the spectral analysis of the Sumatra-Andaman event. The different delays of the time series with respect to the origin time affects the computed spectral amplitudes due to the damping of the free oscillation modes. The damping is known theoretically through the quality factor Q for each oscillation mode. In order to have directly comparable amplitudes for the two events, we correct the spectral amplitudes of the identified poloidal, toroidal fundamental modes and overtones for the greater delay of the Chile event with respect to the Sumatra-Andaman event. The correction is made by multiplying the amplitudes of each mode by exp(pfT/Q), where f is the mode frequency, and T ‫ס‬ t Chi ‫מ‬ t Su , where t Chi , t Su are the time delays of the time series with respect to the origin times of the two events, respectively. The Q-values refer to the same model as the normal mode frequencies. Alternatively we could use compilations of observed Q, as the ones published by the Harvard University and Colorado University (e.g., website of group The reference model, http://mahi.ucsd.edu/Gabi/rem.html). We prefer using the theoretical Q for the reason that the compilations show some discrepancies among different authors. In any case the use of the theoretical or experimental Q-values makes no significant difference in the amplitude corrections, the differences in amplitude amounting the most to 1%.
The amplitudes of the identified peaks are shown in Figure 5 . The identified poloidal and toroidal fundamental modes observed on the north-south component are graphed in Figure 5a , whereas those observed on the east-west component are graphed in Figure 5b . The amplitudes for the overtones with overtone index n ‫ס‬ 2 are shown in Figure  5c . We have preferred to limit the overtones to the series of index n ‫ס‬ 2 and not include the other few overtones observed in the frequency interval between 0 and 3 mHz. This is because the overtones of a particular degree share the same radial function and therefore respond to common properties of the internal earth distribution. The overtones of index n ‫ס‬ 2 constitute a complete series of identified excited modes, whereas the overtones of smaller or greater degree are only present with a few isolated representatives (see Table 1) .
In order to quantitatively compare the two earthquakes in terms of the free-oscillation spectra, we build the amplitude ratios at those frequencies that were observed for both events. First the amplitudes of the observed modes are calculated for each event and free mode from the root of the summed squares of the north-south and east-west components. Then, the amplitude for the Chile event is divided by the amplitude of the Sumatra-Andaman event. The amplitude ratios (Fig. 6 ) of the free modes show that generally the Chile event has greater amplitudes with respect to the Sumatra-Andaman event by a factor ranging between 1.5 and 3. For both poloidal and toroidal modes, the lowest order modes have relatively small amplitude ratios. The mode 0 T 10 has an anomalously high ratio (5), not found for any other mode. Only a specific modeling of the free-mode amplitudes can verify whether the presence of a nodal plane is responsible for this high value.
Conclusion
The occurrence of the Sumatra-Andaman 2004 event has renewed the interest in the Chile 1960 event, which was the greatest event in the instrumental seismologic history. The quantification of the magnitude of the Chile event and its comparison to the Sumatra-Andaman event is presently an unresolved problem, due to the lack of well-calibrated long-period records of the Chile event.
For great earthquakes the moment magnitude is used to quantify an earthquake. It is derived from the seismic moment, which is equal to the fault area multiplied by the average static offset and by the rigidity. The seismic moment is therefore defined at zero frequency. To estimate it, seismographic recordings of long-period seismic waves are used. The magnitude of the 1960 Chile and 1964 Alaska earthquakes and the Harvard CMT-based moment magnitude of the Sumatra-Andaman 2004 event were all estimated from measurements around 300 sec. Another means to determine the seismic moment is to model the observed free oscillation modal amplitudes for the lowest modes (e.g., 0 S 2 , 
amplitudes and frequencies of the free oscillation modes. For all free modes that were excited by both events, we can therefore give the amplitude ratios. Our results are the basis for the next stage of the work, which consists of the inversion of the amplitude ratios to obtain the ratio of the two moment magnitudes. We find that the amplitude ratios of the free modes excited by the Chile and Sumatra-Andaman events range between 1.5 and 3, the greater values being limited to the frequency window between 0.6 and 3 mHz. It shows that the Sumatra event has a relatively greater acti- vation of the lowest-order modes. At the present stage of the work, the amplitude ratios have not been corrected for possible effects of nodal planes of the free modes passing through the Trieste station and distorting the amplitude ratios. We have preferred to separate the two problems:
(1) the pure data of the observed amplitudes of the modes, and (2) the correction terms implying modeling of the free modes. The latter depends on the choice of the Earth model and the focal mechanism of the events.
Data Sources
The recordings used in this article are available to the readers by request. The complete table of the spectral amplitudes and frequencies of the modes is attached to this article as electronic support and can be retrieved at www.units.it/ϳgeodin/ freeosc.html. The identified modes have been separated into four files that report the mode amplitudes observed with the north-south and east-west oriented pendulums, for the Chile and the Sumatra-Andaman events, respectively. The filenames are ChiEWeigen.dat, ChiNSeigen.dat, SuE Weigen.dat, SuNSeigen.dat, with obvious association of the file names to the spectrum in question. The three file columns report the observed mode frequency, the mode name, and the observed spectral amplitude. Figure 6 . Ratio of the free-mode amplitudes excited by the Chile 1960 and SumatraAndaman 2004 events. The graph shows the results for the poloidal and toroidal modes. The frequencies at which the mode was identified on both components of both events are given with a continuous line; those at which not all components showed the mode are identified as dashed lines. Stein, S., and E. Okal (2005) . Speed and size of the Sumatra earthquake, Nature 434, 581-582. Talley, H. C., Jr., and W. K. Cloud (1962) . United States Earthquakes, 1960, U.S. Coast and Geod. Surv., Washington, D.C. Zadro, M., and C. Braitenberg (1999 
